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Abstract

THE COPPER STATUS OF VEGETARIAN AND NON-VEGETARIAN MEN
By Susan Bruce

In this study, the copper status of 18 vegetarian and 17 non-vegetarian men were compared.

Copper status was assessed by determining red

blood cell superoxide dismutase (RBC-SOD) activity and plasma copper.
Plasma copper levels were measured by atomic absorption spectroscopy.
Plasma cholesterol, triacylglycerols, HDL cholesterol, LDL cholesterol
VLDL cholesterol were also determined.

Twenty-four hour recalls and

three-day food records were obtained to determine copper, zinc,
energy, protein, fat, fiber, saturated fat, oleic acid, linoleic acid
and cholesterol intake.

Non-vegetarians had a significantly higher

plasma cholesterol and LDL cholesterol than vegetarians.

They also had

a significantly higher cholesterol, saturated fat, percent calories as
fat, protein and oleic acid intake.

Vegetarians had a significantly

higher fiber intake than non-vegetarians.

There was no correlation

between either RBC-SOD activity or plasma copper and any of the blood
lipids or dietary components.

In this study we observed no significant

difference between the copper status of vegetarian and non-vegetarian
men.
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INTRODUCTION

COPPER AND ZINC INTERACTIONS
IN CARDIOVASCULAR DISEASE

Many factors have been associated with an increased risk of coronary heart disease.

Risk increases with age and men are more susceptible

to heart disease than women.

Hypercholesterolemia, glucose intolerance.

hypertension, electrocardiographic abnormalities and cigarette smoking
are strongly associated with coronary heart disease.
Klevay has suggested that a metabolic imbalance of zinc and copper.
particularly a high zinc to copper (Zn/Cu) ratio, may be related to an
increased risk of coronary heart disease.

He demonstrated that an in-

crease in the ratio of zinc to copper ingested produced hypercholestero
lemia in rats and higher amounts of dietary copper delayed the onset of
hypercholesterolemia (1).

Another study showed that serum cholesterol

was inversely related to dietary copper and serum copper levels (2).
Allen and Klevay observed that plasma cholesterol was inversely correlated
with hepatic copper concentration in copper deficient rats (3).
Cholesterol in serum is distributed among the lipoproteins.

There

appears to be an inverse correlation between the high density lipoprotein
(HDL) cholesterol and coronary heart disease (4).

An

elevation of low

density lipoprotein (LDL) cholesterol is associated with an increased
incidence of coronary heart disease (5).

Copper deficiency in rats was

shown to produce a significant decrease in the percent of plasma choles
terol associated with HDL and a significant increase in that associated
with LDL (6).
Some researchers have suggested a possible mechanism for the hyper-
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cholesterolemia observed in copper deficient rats.

Lei (7) has shown

that a shift of cholesterol from the liver pool to the plasma was responsi
ble for the hypercholesterolemia observed in copper deficient rats.

Allen

and Klevay (8) have observed that in copper deficient rats there is a
more rapid synthesis and clearance of cholesterol to the plasma pool and
that this cholesterol is unavailable for excretion as biliary steroids.
A similar relationship between dietary copper and cholesterol has
Plasma cholesterol level was increased from 202

been observed in man.

to 234 mg/dl in a man who was depleted of copper with a diet containing
about 0.8 mg/day. (9).
There is other evidence that would tend to support the zinc/copper
(Zn/Cu) hypothesis.

Zinc deficiency produced hypocholesterolemia in pigs

(10, rats (11), and women (12), and men (13), while a high intake of
zinc produced hypercholesterolemia in mice (14), increased fecal loss of
copper (15), and hypocupremia in man (16).
A high fat intake has been associated with coronary heart disease
(17-20).

Klevay found that there was a positive relationship between

the amount of fat and the ratio of zinc to copper in foods.

Most foods

with a large amount of fat have a high ratio of zinc to copper (21).
Other factors which appear to influence the Zn/Cu ratio include
sodium phytate, ascorbic acid, calcium and L-histidine.

Hypercholestero

lemia and a decrease in the ratio of zinc to copper in hair was produced in rats who were fed sodium phytate (22).
fiber foods is known to bind zinc.

Phytate found in high

A high fiber diet is associated

with a decreased risk of coronary heart disease (23).
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Ascorbic acid decreases the absorption of copper from the in
testinal tract (24).

Hypercholesterolemia was produced in rats fed

high doses of ascorbic acid (150 mg/kg of diet) (25).

This amount of

ascorbic acid would be comparable to about 82 to 630 mg per day greater
than that in the normal diet of an adult man.
High dietary calcium, which is associated with a low risk of
coronary heart disease, has been shown to produce decreased serum
cholesterol, increased copper and decreased zinc in the liver (26).
Feeding of L-histidine has been shown to cause hypercholesterolemia.
This effect can be eliminated by adding extra copper to the histidinesupplemented diet (27) .
Animals deficient in copper show similar characteristics to
persons with coronary heart disease.
included in Table I (28).

Some of these characteristics are

(See page 5)

Copper is involved with maintaining the structural integrity of
arterial walls.

Lysyl oxidase, a copper-containing enzyme, is es

sential for the production of hydroxylysine and desmosines.

Hydroxyly

sine is involved in some collagen crosslinks and desmosines are crosslinking compounds in elastin.

Copper deficiency results in decreased

crosslinks in elastin and collagen (29).

Thus copper deficiency may

result in weakened vascular system and thereby increasing the risk of a
cardiovascular event.
Some studies do not entirely support the Zn/Cu hypothesis.

One

study showed that altering the dietary zinc to copper ratio by adding a
daily supplement of zinc acetate to the diet did not induce hyper-

4

Table 1 (28)

Some Characteristics of People with Coronary
Heart Disease and of Animals Deficient in Copper
Coronary Heart Disease
1.

Hypercholesterolemia*
a.

Animals Deficient in Copper
1.

increased LDL/HDL+

Hypercholesterolemia
a.

decreased % HDL

2.

Arterial Damage

2.

Arterial Damage

3.

Myocardial Damage

3.

Myocardial Damage

a.

fibrosis

a.

fibrosis

b.

rupture

b.

rupture

c.

hypertrophy

c.

hypertrophy

d.

decreased myocardial
copper

d.

decreased myocardial
copper

4.

Sudden Death

4.

Sudden Death

5.

Abnormal Electrocardiograms*

5.

Abnormal Electrocardiograms

a.

ST abnormalities

a.

ST abnormalities

b.

bundle branch block

b.

bundle branch block

6.

Hyperuricemia

6.

Hyperuricemia

7.

Abnormal Blood Clotting

7.

Blood Hypercoaguable

*Risk Factor
+Low Density (LD) and High Density (HD) Lipoproteins (L).
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cholesterolemia in young women (30).

In the other studies where hyper

cholesterolemia was produced, dietary copper levels were low (1-3, (6-9).
Perhaps the dietary copper in the former study was not low enough to
produce hypercholesterolemia.

Klevay has suggested that it is advanta

geous to make dietary copper as low as possible in order to produce
hypercholesterolemia (28).

Another study on rats indicated that copper

and zinc at levels likely to be present in the normal mixed North
American diet, did not affect serum, liver and femur mineral concentra
tions, and had no effect on serum cholesterol levels (31).

COPPER INTAKE
Analysis of the "average" American diet showed that copper intake
is below the Recommended Dietary Allowance (RDA) of 2-3 mg.

The median

daily amounts of copper for 20 diets was found to be 0.78 mg, which
is significantly less than the RDA (32).

Klevay et al (33) determined

that the adult copper requirement should be 1.55 mg per day.

This

amount is based on human balance studies which took into account fecal.
urine and sweat losses.
Meats (other than certain shellfish, kidney and liver), which con
tain a copper content of about 0.01-0.55 mg/100 g, are poor sources of
copper while legumes (0.8-0.9 mg/100 g Cu), nuts and seeds (0.8-1.8 mg/100
g Cu), and unrefined cereals (0.2-0.7 mg/100 g Cu) are good sources of
copper (34).

Since meat has a high zinc content it would also have

a high Zn/Cu ratio.
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Vegetarian diets have been found to be higher in copper than
meat containing diets.

One Canadian study showed that vegetarian women
+

had a mean copper intake of 2.1

0.7 mg while non-vegetarian women had

a mean copper intake of 1.6± C.6 (35). Another study of hospital
diets showed that the amount of copper in the vegetarian diet was
higher than that found in the regular and renal diets (36).

Therefore,

a vegetarian diet because it is higher in copper would be expected to
have a lower dietary Zn/Cu ratio

than a meat containing diet.

Vege

tarian diets are typically higher in fiber and phytate which is known
to decrease zinc absorption, however, the gastrointestinal tract
adapts to high fiber intake with time to give increased absorption.
Fiber or phytate does not have the same effect on copper absorption.

MEASUREMENT OF PARAMETERS INDICATING COPPER NUTRITURE

A.

Superoxide Dismutase
Superoxide dismutase is a copper-containing enzyme in the red

blood cell, which contains two atoms of copper.
breakdown of the superoxide free radical.

It catalyzes the

Studies show that determi-

nation of red blood cell superoxide dismutase (RBC-SOD) activity may
be a useful indicator of copper status (37, 38, 39).

Rats fed a

basal diet containing 0.8 mg of copper/kg showed a decrease in the
SOD activity in liver, RBC and heart tissue.

Other tissues except the

brain and muscle showed a smaller decrease (38).

Other studies showed
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that copper deficiency caused a decrease in RBC-SOD activity in rats
(37), chicks (39) and man (9).
B.

Plasma Copper
Copper deficient diets have resulted in low serum (2, 16) and

low plasma (3) copper in rats.

Plasma or serum copper would appear

to be another useful indicator of copper status, however, it may
not be as reliable an indicator of copper status as RBC-SOD activity
because plasma copper levels may be maintained at the expense of liver
copper (40).

OBJECTIVES OF STUDY

This study was undertaken to determine if there was a

signifi

cant difference between the copper status of vegetarian and non
vegetarian men and to see if any correlations existed between plasma
copper and either blood lipids or dietary components, and between
RBC-SOD activity and either blood lipids or dietary components.

The

ultimate aim of the project was to determine if vegetarians have
an improved copper status and whether this can be correlated with
better blood lipid profiles than non-vegetarians, and hence a lower
risk of coronary heart disease.

MATERIALS AND METHODS

Eighteen vegetarian and 17 non-vegetarian subjects volunteered
for the project.

The volunteers were faculty and students from

Loma Linda University or lived in the Loma Linda community,

Three

of the vegetarians were vegans and the remaining 15 were lacto-ovo
vegetarians.

The non-vegetarians ate meat, poultry or fish four or

more times per week.

All the subjects were non-smokers and none had

a known history of heart disease.

Ages ranged from 23 to 62 years

(mean age = 35.6 years) for the vegetarian group and from 24 to 57
years (mean age = 32.1 years) for the non-vegetarian group.

Consent

was obtained from all the subjects after the nature of the study had
been fully explained to them.
Ten ml of blood was collected by venipuncture into sterile,
plastic, trace mineral-free vacutainers (W. Sarstedt) containing
the anticoagulant lithium heparin.

The blood samples were collected

after a 12 hour fast and then were centrifuged to separate the
plasma from the cells.

The red blood cells were washed two times

with saline, hemolyzed by adding water and then utilized for determining
SOD activity.

SOD activity was assayed by the method of Winterbourn

et al (41), which depends on the ability of the enzyme to inhibit
the reduction of nitroblue tetrazolium (NET) by superoxide.

Plasma

HDL, total cholesterol and triacylglycerols were determined by the
Faculty Medical Laboratory in Loma Linda, California.
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VLDL cholesterol

9

was calculated by dividing triacylglycerols by 5.

LDL cholesterol

was obtained from the formula LDL = total cholesterol - (HDL + VLDL)
(42).

Plasma copper levels were determined by a Varian AA-475

atomic absorption spectrophotometer.

Samples for the AA were pre

pared by diluting 500 ul of plasma with 1.5 ml of deionized water.
A 24 hour recall was obtained from subjects after the blood
drawing.

The subjects were then asked to keep a 3-day food record

in which they were instructed to write down everything they ate
and drank throughout a 3-day period.
by the subjects in their own homes.

The records were completed
Energy, protein, fat, fiber.

saturated fat, oleic acid, linoleic acid and cholesterol intakes
were determined using a computer program containing nutrient values from
Agriculture Handbook No. 456 (43).
Statistical analyses were done by the Student’s T test and
linear correlation analysis.

RESULTS

The mean RBC-SOD activity for the vegetarian group was 2,551 ± 924
units/gram hemoglobin and 2,573± 749 units/gram hemoglobin for the non
vegetarian group.

The mean plasma copper level for the vegetarian group

was 88.9 ± 9.8 ug/dl and 95.2 ± 18.8 ug/dl for the non-vegetarian group.
There was no significant difference between the RBC-SOD activity or
plasma copper of vegetarians or non-vegetarians (See Table 2).
Non-vegetarians had significantly higher plasma cholesterol and LDL
cholesterol levels.

The vegetarian group had a mean total cholesterol

level of 158 ± 25 mg/dl and the non-vegetarian group had a mean total
cholesterol level of 193 ± 26 mg/dl.

The LDL cholesterol level for the

vegetarian group was 96.4 ± 21.8 mg/dl and 123.2 ± 26.9 mg/dl for the non
vegetarian group.

There was no significant difference between any of the

other blood lipid values (See Table 2).
The 3-day food records were used to determine the mean intakes of
the dietary components.

All but one subject turned in a 3-day food

record so we used his 24-hour recall instead.

There was a significant

difference between cholesterol, saturated fat, percent calories as fat.
fiber, protein and oleic acid intake of the two groups.

The non-vege

tarians had a significantly higher cholesterol, saturated fat, percent
calories as fat, protein and oleic acid intake while the vegetarians
had a significantly higher fiber intake.

There was no significant

difference between any of the other dietary data (See Table 3).
There was a significant difference between the body weight of

1-0
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vegetarian and non-vegetarian men.

The vegetarians had a mean percent

of ideal body weight of 94.5 ± 11.0% and the non-vegeterian had a
mean percent of ideal body weight of 109.2 ± 11.7% (See Table 2).
There was no significant correlation between either RBC-SOD
activity or plasma copper and any of the blood lipids or dietary
components (See Tables 4 and 5).
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Table 2.

Mean RBC-SOD activity, plasma copper (cu), percent of ideal
body weight (%
age, plasma cholesterol (chol.)»
triacylglycerols (trig.)* HDL cholesterol, total cholesterol/
HDL cholesterol, VLDL cholesterol and LDL cholesterol levels
of vegetarian and non-vegetarian men.

Vegetarians
(n = 18)

RBC-SOD
(units/g Hgb*)

2,551 ± 924

Non-vegetarians
(n = 18)
+

2,573 ± 749

P values

P = 0.239

Plasma Cu
(ug/dl)

88.9 ± 9.8

% I.B.W.

94.5 ± 11.0

Age

35.6 ± 12.5

Choi,
(mg/dl)

158 ± 25

193 ± 26

P <

Trig.
(mg/dl)

95 ± 59

127 ± 62

P = 0.129

HDL Choi,
(mg/dl)

41.5 ± 9.0

44.5 ± 13.0

P = 0.443

Choi./HDL Choi.

4.0 ± 1.2

4.7 ± 1.3

P = 0.143

VLDL Choi,
(mg/dl)

19.0 ± 11.9

25.4 ± 12.4

P = 0.129

LDL Choi,
(mg/dl)

96.4 ± 21.8

123.2 ± 26.9

P = 0.003

+ Mean ± SD
* Hgb = Hemoglobin

95.2 ± 18.8

P = 0.236

109.2 ± 11.7

P = 0.001

32.1 ±

8.8

P = 0.340

0.001
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Table 3.

Mean daily energy, protein, percent kcal as fat, fiber, satu
rated (sat.) fat, oleic acid (18:1), linoleic acid (18:2),
linoleic acid/saturated fat (L/S) and cholesterol (chol.) in
take of vegetarian and non-vegetarian men.

Non-vegetarians
(n = 17)

Vegetarians
(n = 18)

Energy
(kcal)

2,411 ± 579

+

P values

2,636± 645

P = 0.285

102.9 ± 24.8

P = 0.007

Protein
(g)

80.4 ± 21.1

% kcal as fat

26.3 ± 6.7

40.6 ± 8.6

P < 0.001

Fiber
(g)

12.4 ± 4.0

5.8 ± 2.0

P < 0.001

Sat. Fat
(g)

16.2 ± 9.2

35.9 ± 17.7

P < 0.001

18:1
(g)

21.6 ± 9.5

39.9 ± 17.5

P = 0.001

18!2
(g)

15.2 ± 8.8

16.6 ± 5.8

P = 0.583

1.3 ± 0.9

0.5 ± 0.2

P = 0.005

L/S

Choi.
(mg)
+ Mean ± SD

179 ± 176

437 ± 196

P < 0.001
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Table 4.

The correlation between both plasma copper (Cu) and RBC-SOD
activity with blood lipids.

Blood Lipids

Plasma Cu

RBC-SOD Activity

Cholesterol

+0.2185 (P = 0.107)

+0.1972 (P = 0.128)

Triacylglycerols

-0.0158 (P = 0.465)

+0.1244 (P = 0.238)

HDL Choi.

+0.0288 (P = 0.436)

-0.1142 (P = 0.257)

Total Choi./
HDL Choi.

+0.1378 (P = 0.219)

+0.1788 (P = 0.152)

VLDL Choi.

-0.0158 (P = 0.465)

+0.1244 (P = 0.238)

LDL Choi.

+0.2313 (P= 0.094)

+0.1623 (P = 0.176)
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Table 5.

The correlation between both plasma copper (Cu) and RBC-SOD
activity with dietary components.

Dietary Components

Plasma Cu

RBC-SOD Activity

Energy

+0.1029 (P = 0.281)

-0.1705 (P = 0.164)

Protein

+0.0467 (P = 0.397)

-0.1088 (P = 0.267)

% Kcal as Fat

+0.0897 (P = 0.307)

-0.1447 (P = 0.203)

Fiber

-0.1408 (P=0.214)

+0.1156 (P = 0.254)

Saturated Fat

-0.1084 (P = 0.271)

-0.1693 (P = 0.165)

Oleic Acid

-0.0598 (P = 0.368)

-0.1202 (P = 0.246)

Linoleic Acid

+0.2117 (P = 0.115)

-0.2632 (P = 0.063)

L/S

+0.0516 (P = 0.386)

-0.1627 (P = 0.175)

Cholesterol

-0.0929 (P = 0.301)

-0.0223 (P = 0.449)

DISCUSSION

Winterbourn et al (41) obtained a normal range of 2,400 to 3,700
units per gram hemoglobin for RBC-SOD activity.
this study varied greatly within each group.

Values obtained in

Seven vegetarians and

7 non-vegetarians had RBC-SOD values below the normal range obtained
by Winterbourn et al.
take .

These low values may be due to low copper in

Klevay et al (9) observed a significant decrease in RBC-SOD activ

ity in a man cautiously depleted of copper with a diet containing about
0.8 mg/day.

RBC-SOD activity fell from 3,650 to 704 units/gram hemo

globin and increased to 2,800 units/gram hemoglobin after repletion.
Winterbourn et al (41) explained that light intensity and the con
centration of reagents (riboflavin and NBT) used to determine SOD
activity could affect the results.

The results obtained in this study

might have been affected by these factors even though efforts were
made to keep conditions as constant as possible.

If the results

truly reflect actual RBC-SOD activity, then it can be concluded that
there was no significant difference between the copper status of the
vegetarian and non-vegetarian subjects in this study.
The higher plasma cholesterol and LDL cholesterol levels in the
non-vegetarian group may be attributed to the higher cholesterol^ total
fat and saturated fat intake of this group.

Another factor that may

contribute to the difference between the total cholesterol and LDL
cholesterol levels of the two groups is that the vegetarian group
had a higher fiber intake.

A high fiber intake is associated with

low blood cholesterol.
16
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No correlation was observed between plasma copper and cholesterol.
This conflicts with other studies in which blood cholesterol was
was negatively correlated with serum (2) and plasma (40)copper.
Dietary copper values were difficult to find.

The projected

publication of "Nutrients in Foods" by G. Leveille et al (44),
which will facilitate access to this data, may help to explain why
there was no observable difference between the copper status of
vegetarians and non-vegetarians.

SUMMARY

Copper deficiency in several experimental animal species has
produced anatomical, chemical and physiological abnormalities similar
to those found in coronary heart disease in humans.

These include

hypercholesterolemia, arterial damage, myocardial damage, decreased
myocardial copper, sudden death, abnormal electrocardiograms, abnormal
blood clotting and hyperuricemia (29).

Hypercholesterolemia has been

produced in a man cautiously depleted of copper (9).

The effects of

copper deficiency are more dramatic when zinc intake is high (1-6).
Analysis of "average" American diets showed that copper intake is
below the Recommended Dietary Allowance of 2-3 mg (32).

Meats (other

than certain shellfish, kidney and liver) are poor sources of copper
while legumes, nuts, seeds and unrefined cereals are good sources of
copper (34).

Meats are high in zinc and since most meats are low in

copper, they would have a high Zn/Cu ratio.

Comparisons of vegetarian

diets with meat containing diets show that vegetarian diets contain
more copper (35,36).

Based on these studies, it would appear that

vegetarians have a lower Zn/Cu intake than non-vegetarians.
The purpose of this study was to determine if there was a signi
ficant difference between the copper status of vegetarian and non
vegetarian men and also to see of any correlations existed between
plasma copper and either blood lipids or dietary components, and
between RBC-SOD activity and either blood lipids or dietary components.
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Copper status was assessed by measuring RBC-SOD activity and
plasma copper.

RBC-SOD activity was measured using the method of

Winterbourn et al (41).
tion spectroscopy.

Plasma copper was measured by atomic absorp

Blood lipid profiles were also done.

Twenty-four

hour recalls and 3-day food records were obtained to determine copper.
zinc, energy, protein, fat, fiber, saturated fat, oleic acid, linoleic
acid and cholesterol intake.
There was no significant difference between the RBC-SOD activity
or plasma copper of vegetarians and non-vegetarians.

Non-vegetarians

had a significantly higher plasma cholesterol and LDL cholesterol than
vegetarians.

They also had a significantly higher cholesterol, saturated

fat, percent calories as fat, protein and oleic acid intake.
had a significantly higher fiber intake than non-vegetarians.

Vegetarians
There

was no statistically significant correlation between RBC-SOD activity
or plasma copper and any of the other blood or dietary data.
Based on the results in this study, there appeared to be no
significant difference between the copper status of vegetarian and non
vegetarian men, as measured by plasma copper levels and RBC-SOD activities.

Dietary copper and zinc levels may need to be known to help

explain why no significant difference was observed between the two
groups.
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